tains competence in the necessary disciplines required to carry out this research and technical sers ice; develops engineeri-.g data and measuremnent capabilities; provides engineering measurement r aceability sers ices; develops test methods and proposes engineering standards and code changes; develops and proposes ness engineering practices; and develops and improves mechanisms to transfer results of its research to the ultimate user. The I aboratorv consists of the following centers: 
The Institute for Computer Sciences and Technology
Conducts research and provides cientilc and technical services to aid * Programming Science and Federal agencies in the selection, acquisition, application, and use of cornTechnology puter technology to improve effectiseness and economy in Government 
The Institute for Materials Science and Engineering
Conducts research and pros ides measurements, data, standards, reference materials, quantitative understanding and other technical information tIundamental to the processing; structure, propertie-. and performance ot materials; addresses the scientific basis for news advanced materials technologies; plans research around cross-country scientitlc themes such as nondestrmt is e es aluat ion and phase diagram des elopment; os ersees Bureau-ss ide technical programs in nuclear reactor radiation research and nondestlretis c es alua tion; and broadls disseminates generic technical information resting from its programs. The Institute consists of the ftlossing Di isions: 
Fracture and Ieformation
Pol mers Metallurgy Reactor Radiation Introduction "The power gain of an antenna, in a specified direction, is 4r times the ratio of the power radiated per unit solid angle in that direction to the net power accepted by the antenna from its generator. This quantity is an inherent property of the antenna and does not involve system losses arising from a mismatch of impedance or polarization.
"Antennas which are to be used for gain standards should have the following characteristics:
(1) The gain of the antenna shall be accurately known.
(2) The antenna shall have a high degree of dimensional stability.
(3) The antenna's polarization should be linear or, for some applications, circular....
"Although any antenna meeting these criteria may be used as a gain standard, the two universally accepted antenna types are the dipole and the pyramidal horn.
The gains of these antennas can be fairly accurately calculated, and because of their mechanical simplicity they can be manufactured with a high degree of reproducibility."
[11 be within a few wavelengths of the ground. As a result, gain of the standard antenna must be calculated taking the effect of ground into account.
The electrical properties of the ground must be known to calculate the gain of dipoles over imperfect ground. These properties may be estimated by measuring soil samples -and assuming the entire test site is uniform plane ground exhibiting these properties. The curvature of the earth and the effects of ground-wave propagation are neglected in these gain calculations.
It is often very difficult to measure the gain of standard antennas below 1000 MHz, therefore the calculated gain must be assumed to be correct in many gain measurement situations.
Actual antennas having calculable gains are described in Section 3.
Recent measurements of insertion loss between pairs of these antennas in the It is the distance from the dipole feedpoint to the end of one radiating element, or the distance from the monopole feedpoint to the end of its radiating element.
Validity of the equations used in the computer program is restricted to half-lengths less than one-half wavelength.
Definitions and Equations
All equations in this document are generally considered to be good The mutual impedance between a dipole and its image in ground, ZMB, is obtained by calculating ZML, the mutual impedance between two free-space dipoles in echelon [4] , one representing the image dipole, and changing the reference from the loop current to the base current. The mutual impedance, ZMB, is then multiplied by the reflection coefficient of the ground evaluated at an elevation angle = 90 deg and denoted RH90 for horizontal polarization and RV90 for vertical polarization.
Because of the length of the mutual impedance equations, the reader is referred to reference [4] 
ZIND ( In the preceding equations, Si and Cin (and Ci in Subroutine Mutual) are functional notations for sine and cosine integrals. These integrals are calculated in Program HVD6 in Subroutine SCI using series expansions and rational approximations given in [6] .
For free-space dipoles,
and for monopoles,
For horizontal dipoles over ground,
For vertical dipoles over, ground,
Antenna factor is the ratio, expressed in decibels, of the linearly 
where I(A/)tan(gL/2) I is the effective length of a free-space dipole, and (A/2fr)tan(BL/2) j is the effective half-length of a monopole on infinite, perfectly conducting ground.
The voltage reflection coefficient at the antenna terminals is
and the voltage standing-wave ratio is
The conjugate mismatch loss [7] , expressed in decibels, is
Antenna gain is a function of input impedance, free-space effective length, and radiation pattern of the array formed by the antenna and its image in the ground.
Based upon equations in [8,9,10,111, antenna gain is expressed in decibels as
where E is the effective length of a dipole over ground, multiplied by fr/A.
The three equations for E for a dipole with its feedpoint H meters above ground and for a monopole on perfect ground are as follows:
Horizontal dipole over ground, H-plane
Vertical dipole over ground or monopole on perfect ground, E-plane
(Monopole gain is computed using the value of E for a vertically polarized dipole in free space.)
Horizontal dipole over ground, E-plane
The vertical and horizontal reflection coefficients [8] for the ground plane or test site ground are shown attached to the E-ports, joined with a coaxial adapter. The final received signal level is measured as shown, and the difference between the two levels is the total insertion loss of two assemblies providing the spectrum analyzer and signal generator have input-and output-port impedances that are matched to the impedance of the cables. It is assumed that the assemblies are identical, and that the loss of a single assembly is just one-half the total measured loss. The 3-dB attenuators are used at the dipole feedpoint end of the cables to force the actual value of ZCHAR toward the 100-ohm value assumed for the calculations. 
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Banana Plug (2) SMA Panel Jack (2) Figure 2. Schematic drawing of the dipole feedpoint assembly. Note, for, use at frequencies above 300 MHz only, the assembly may be shortened and the diameter may be reduced.
-- Insertion loss between pairs of these antennas has been measured using the 30-m by 60-m NBS ground screen. Comparing measured and calculated insertion-loss data is a valid method of determining the uncertainty in the gain-product of two linear antennas.
Examples of Gain-Standard Antenna Calculations

#1
Thin A/2 Dipole and A/4 Monopole -299.792458 MHz
The computer program assumes all free-space dipoles are "horizontal"
and calculates both the E-and H-plane patterns. For this example, the half-length of the dipole and monopole are exactly A/4 and the radii are 0 m. Since the program must have some nonzero dimension for the radius, a value of 0 input for the requested radius results in the program setting the value to 10-30m. Figure 5a shows the dipole gain is a constant 2.14 dB in the H plane and exhibits a quarter-section of the "figure-eight" pattern in the E plane. Figure 5b shows the monopole gain is 5.14 dB and its pattern is an inverted copy of the dipole pattern.
The following data are copied from the computer screen during program 
IMPEDANCE OF T-LINE ATTACHED TO ANTENNA, OHMS
? 199. 
-------------------------
HALF-LENGTH, 152.4 M IMPERFECT GROUND
VP -----#3 A Horizontal Dipole Over Imperfect Ground -11.555 MHz
The Table Mountain test  site  is located The following data are copied from the computer screen during program The following data are copied from the computer screen during program 
2.422
- -------------------
28.70
These comparisons of measured and calculated data show the difference between the actual antenna factor and the "ideal" or calculated antenna factor.
Uncertainties in the antenna factor calibration technique may be determined by measuring the antenna factor of gain-standard dipoles and monopoles and comparing measured and calculated data.
#7 Site Attenuation Using Gain-Standard X/2 Dipoles Site attenuation is the minimum insertion loss between two copolarized antennas located above a test site. It is measured with one antenna at a fixed height, while the other antenna is located at a specified horizontal distance away and scanned vertically over a specified range of heights.
Gain-standard A/2 dipoles, fabricated as described in Section 3, were 
Conclusions
The examples given in 00700C*********************************************************** 00710C* PERFECT GROUND AND FREE-SPACE APPROXIMATIONS ARE MADE. * **72******* ****** ******* ** ** **** ** ****** ** ** * ************ * *** ** ** 
(*--------------------------*)
00860 PRINT 170 00870C********************************* 00880C* THE CALCULATIONS BEGIN HERE * 00890C********************************** 01090 ZI=ZINN/ZIND 01100C******************************************************************** 01110C* COMPUTE ANTENNA INPUT IMPEDANCE, ZR.
SUBROUTINE MUTUAL RETURNS * 01120C* MUTUAL IMPEDANCE REFERRED TO THE LOOP CURRENT, ZM, BETWEEN TWO * 01130C* FREE-SPACE DIPOLES. SIN(BL)**2 CHANGES REFERENCE TO BASE CURRENT* 011 40C********************************************************************
